Objective: To determine if observation alone after nephrectomy in very lowrisk Wilms tumor (defined as stage I favorable histology Wilms tumors with nephrectomy weight <550g and age at diagnosis <2 years) results in satisfactory event-free survival and overall survival, and to correlate relapse with biomarkers. Patients and Methods: The AREN0532 study enrolled patients with very low-risk Wilms tumor confirmed by central review of pathology, diagnostic imaging, and surgical reports. After nephrectomy, patients were followed without adjuvant chemotherapy. Evaluable tumors were analyzed for WT1mu-tation, 1p and 16q copy loss, 1q copy gain, and 11p15 imprinting. The study was powered to detect a reduction in 4-year EFS from 87% to 75% and overall survival from 95% to 88%. Results: A total of 116 eligible patients enrolled with a median follow up of 80 months (range: 5-97 months). Twelve patients relapsed. Estimated 4-year event-free survival was 89.7% (95% confidence interval 84.1-95.2%) and overall survival was 100%. First sites of relapse were lung (n ¼ 5), tumor bed (n ¼ 4), and abdomen (n ¼ 2), with one metachronous tumor in the contralateral kidney (n ¼ 1) at a median time of 4.3 months for those who relapsed (range 2.3-44 months). The presence of intralobar (P ¼ 0.46) or perilobar rests (P ¼ 1.0) were not associated with relapse (P ¼ 0.16). 1q gain, 1p and 16q loss, and WT1 mutation status were not associated with relapse. 11p15 methylation status was associated relapse (20% relapse with loss of heterozygosity, 25% with loss of imprinting, and 3.3% relapse with retention of the normal imprinting (P ¼ 0.011)). Conclusions: Most patients meeting very low-risk criteria can be safely managed by nephrectomy alone with resultant reduced exposure to chemotherapy. Expansion of an observation alone strategy for low-risk Wilms tumor incorporating both clinical features and biomarkers should be considered.
T he overarching goal for children with favorable histology Wilms tumor (FHWT) is to tailor therapy to achieve a high degree of event-free survival (EFS) and overall survival whereas minimizing toxicity. 1 A number of clinical and biological factors have been used to identify children with FHWT who require augmented treatment based on a predicted high risk for relapse. Prognostic factors have also been used to identify children who are candidates for reduction or elimination of therapy based on a predicted excellent EFS (time to relapse, secondary malignancy, or death) and ultimately overall survival (OS, time to death). 2 Several clinical reviews suggested that patients with clinically defined very low-risk criteria could be spared treatment beyond nephrectomy. 3, 4 To confirm this, the fifth National Wilms Tumor Study (NWTS-5) enrolled a group of very low-risk Wilms tumor (VLRWT) patients, defined as stage I FHWT weighing <550 g in patients <2 years of age at diagnosis. However, the 3-year interimanalysis showed 2-year EFS of 86.5% that was inferior to the stopping rule set at a relapse-free survival of 90%. 5 The conservative assumption then was that only 50% of patients with recurrence could be successfully salvaged with three drug chemotherapy (vincristine, dactinomycin, and doxorubicin) and site-specific radiotherapy. Of the 75 children who were treated with nephrectomy only before study closure, eight relapsed, and three developed metachronous disease in the contralateral kidney at a median of 4 months postnephrectomy. However, of these 11 children, only one died suggesting that a less conservative stopping rule for EFS might be warranted. Analysis by Shamberger et al 6 of this VLRWT cohort at the 8 year mark confirmed an excellent OS (98.7%) with no further relapse or death.
A concern with the observation only strategy was that withholding chemotherapy may increase the prevalence of metachronous WT. Previous clinical trials estimated the risk of development of metachronous Wilms tumor (WT) in infants diagnosed <12 months of age to be 4% at 6 years. 7 This fell to 1.5% for patients diagnosed between the ages of 12 to 23 months. Patients who develop metachronous WTs have an increased risk of chronic renal failure. 8 As the observation-only strategy on NWTS-5 was closed early, there was insufficient power to confirm that EFS was acceptable and OS was excellent, thus preventing the widespread adoption of an observation only strategy.
Several clinical and biological risk factors for relapse were evaluated in the NWTS-5 VLRWT cohort. Histological subtype and the presence of nephrogenic rests were not associated with relapse. 5 Combined loss of heterozygosity 1p and 16q was examined in the full NWTS-5 VLRWT cohort (treated and observed) and was found to rarely occur (n ¼ 2/141). 9 However, both loss of imprinting (LOI) and loss of heterozygosity (LOH) of 11p15, and WT1 mutations were associated with poorer EFS in VLRWT patients managed by observation alone, 10, 11 although these findings require validation in an independent cohort. Lastly, several studies from Europe and North America have both demonstrated and validated the prognostic impact of 1q gain in patients with FHWT who were treated with adjuvant chemotherapy. 12, 13, 14 The impact of 1q gain has not been previously examined in patients with VLRWT.
The primary objective of this study was therefore to validate the hypothesis that nephrectomy only is appropriate therapy for VLRWT. Secondary aims were to validate 11p15 methylation as a prognostic factor associated with relapse for VLRWT patients, to examine the ability of 1q gain to be correlated with relapse in VLRWT, and to determine the frequency of metachronous WT in the defined cohort.
METHODS

Clinical Samples
All patients were first enrolled on the Children's Oncology Group (COG) biology and classification study AREN03B2, where real-time central expert review of institutional pathology, operative notes related to the nephrectomy, and diagnostic imaging confirmed the status of VLRWT before enrollment on the therapeutic AR-EN0532 study. Enrollment was required within 30 days of nephrectomy. VLRWT continued to be defined as Stage I FHWT with a nephrectomy weight of <550 grams, in patients <2 years of age at diagnosis. Lymph node sampling was required. The absence of a high-risk predisposition syndrome 15 was added as an exclusion criteria in August 2009, 2.9 years after the beginning of accrual. The following predisposition syndromes were exclusion criteria for this study: aniridia, Beckwith-Wiedemann syndrome, isolated hemihypertrophy, Simpson-Golabi-Behmel syndrome, Denys-Drash syndrome, or other associated genito-urinary anomalies, multicentric WT, unilateral WT with contralateral nephrogenic rest(s) in a child under 2 years of age, and diffuse hyperplastic perilobar nephroblastomatosis. We retrospectively confirmed that none of the relapsed patients registered on this study before the addition of the predisposition syndromes to the exclusion criteria had any one of these higher risk predisposition syndromes.
Relapsed patients remained on study utilizing therapy appropriate to the stage and site of relapse. Those who had abdominal relapse were treated with regimen DD4A (Vincristine, Doxorubicin, and Dactinomycin for 24 weeks with abdominal radiation -see supplementary file 1, http://links.lww.com/SLA/A996) similar to the regimen previously published 5, 16 regardless of the extent of resection of the recurrent disease at relapse. Patients who had pulmonary relapse were treated with the AREN0532 (Supplementary file 2, http://links.lww.com/SLA/A997) regimen DD4A and pulmonary radiotherapy was recommended concurrent with the beginning of chemotherapy. Patients who failed because of the development of metachronous tumors were treated with a partial nephrectomy or biopsy and chemotherapy with regimen DD4A and subsequent renal sparing surgery at 6 to 12 weeks. These patients did not receive local radiation therapy if the margins were clear. Patients who had other distant relapses, for example to liver or brain, were to be treated with regimen DD4A plus local radiotherapy for positive margins.
The NIH central Institutional Review Board (IRB) facilitated local institutional review board approvals where regulatory agreements existed. In all other locations the local institutional research ethics boards approved the study before patient enrollment. Authorization for participation was obtained from the legal guardians of the patient as all participants were under the age of 2 years at enrollment. Biological specimens were obtained from the initial nephrectomy, snap-frozen, shipped, and stored at -808C at the COG reference laboratory. DNA was extracted by the reference laboratory and provided to the Ann & Robert H. Lurie Children's Hospital of Chicago (LCH) for biomarker analysis. These latter studies were approved by the LCH IRB.
Methylation Analysis at 11p15
Analysis of the extent of methylation of the paternally imprinted H19 differentially methylated region (imprint control region 1) and the maternally imprinted KvDMR1 (imprint control region 2) on chromosome 11p15 17 was performed using a methylation-sensitive enzyme HpaII and another enzyme (MspI) that cuts irrespective of methylation as previously described. 11 Retention of imprinting (ROI) was defined as 30% to 70% methylation of both H19 and KvDMR1; LOI was defined by 80% to 100% methylation of H19 and 30% to 70% methylation of KvDMR1; LOH was defined by 80% to 100% methylation of H19 and 0% to 20% methylation of KvDMR1. Five patients had no tissue available and three tumors with values outside any of these ranges were not scored.
WT1 Mutation Analysis
WT1 point mutations and small insertions/deletions in tumor DNA was examined by sequence analysis of PCR products from all 10 exons, including the flanking intronic sequence as previously described. 8 Quantitative real-time PCR was utilized to identify deletions encompassing one or more exons, as previously described.
11
Chromosomal Copy Number Changes Involving 1q, 1p, and 16q
Multiplex Ligation-Dependent Probe Amplification (MLPA) was performed using a synthetic probe mixture containing four probes for each of 1q, 1p, and 16q, and six control probes, as previously described in detail. 12 Analysis of the MLPA PCR products was performed on an Applied Biosystems 3100-Avant genetic analyzer (Applied Biosystems). After separation by capillary electrophoresis, peaks corresponding to each probe were identified by GeneMapper analysis (Applied Biosystems) and subject to quality control steps and normalization as previously described. 12 Classification of gain or loss for a chromosomal region was determined if at least 2 markers were gained or lost, respectively.
Statistics
The study was monitored by an independent data safety monitoring board. Predetermined stopping rules included a 4-year EFS less than 85%, a 4-year OS less than 95%, and a metachronous tumor rate exceeding 7%. The study was powered based on the assumption that a true failure rate greater than 25% (long-term EFS less than 75%) would be unacceptable. Thus, 115 patients were needed to have a 95% power to detect this deficit (testing at the 15% level of statistical significance, one-sided). This sample size also provided about 95% power (testing at the 15% level of statistical significance, one-sided) to detect a reduction in the overall survival (from 95% to 88%). The study was not powered to test the validation of the prognostic biomarkers. Associations between prognostic biomarkers and disease progression/relapse (because no death and secondary malignancy was observed) are tested at the 0.02 (0.
RESULTS
After prospective centralized review, 120 patients were enrolled on the AREN0532 therapeutic study between October 2006 and August 2013. Four of these patients were later found to be ineligible because of lack of lymph node sampling (n ¼ 3) or inadequate consent procedures (n ¼ 1). Approximately, 108 patients had adequate tumor tissue for biological prognostic analysis. Patients were recruited from COG institutions in the United States, Canada, Australia, New Zealand, and Israel.
Clinical Description of the Cohort
As of December 31, 2014, the median follow-up was 80 months (range: 5 -97 months). Children were diagnosed at a median age of 11.5 months (range: 0.1 -23 months). The estimated 4-year EFS was 89.7% [95% confidence interval (CI) 84.1-95.2%] (Figure 1 ). Twelve patients suffered relapse; the median time from enrollment to first relapse was 4.3 months (range of 2.3 -44 months). The OS was 100%. No patient experienced a secondary malignancy. The EFS was the same as relapse-free survival. The clinical characteristics of the 12 patients who relapsed are described in Table 1 . Relapses occurred in the lung (n ¼ 5), tumor bed (n ¼ 4), and abdomen (n ¼ 2). Baseline and relapse CT scans for patients with recurrence were reviewed and there was no evidence of missed lesions at diagnosis to account for relapse. Similarly, no distinctive concerns were raised on re-review of the operative notes for those with local relapse. Only 1/116 patients developed a metachronous tumor at the median 80 months follow-up. The patient specific postrelapse therapy is indicated in Table 1 . All but one relapsed patient followed protocol stipulated therapy.
No deaths have been reported to date although one child has had four relapses and was reported to have active disease at the most recent follow up. That child had initial blastemal predominant histology at first relapse and subsequently was found to have anaplastic histology. He has been treated with chemotherapy and autologous bone-marrow transplant.
HISTOLOGY
Pathologic features of the tumors which relapsed are provided in Table 1 . This validates the previous study: neither the predominant baseline histologic subtype (epithelial, stromal, blastemal, mixed, P ¼ 0.16) nor the presence of intralobar (P ¼ 0.46), or perilobar (P ¼ 1.0) nephrogenic rests were associated with relapse. Pathology reports of relapse specimens were submitted to COG by the institution but central review of slides was not required, although seven sites did so. All initial relapses were reported to be of favorable histology except for the multiply relapsed patient who developed anaplasia.
Molecular Correlation With Outcome
The majority of patients had sufficient tissue submitted to assess biological predictors of outcome (n ¼ 108). The presence of 1q gain, 1p loss, and/or 16q loss and mutation of WT1 were not statistically associated with relapse (Table 2) . Of interest, only three tumors (3%) had both 1p and 16q loss and only six (5.5%) of tumors had gain of 1q compared with previously published overall frequencies of 4.7% and 27%, respectively, in all WT pateints. 9, 12 In contrast, the methylation status of 11p15 was correlated with relapse (P ¼ 0.011) ( Table 3) . The 11p15 methylation status of the patients who relapsed is shown in Table 4 . For the most part, genetic or epigenetic abnormalities were confined to LOH or LOI 11p15. Of note, few epithelial predominant WT (6/44) had LOH or LOI of 11p15.
DISCUSSION
We describe with high confidence the validation of an effective strategy of nephrectomy only for patients with VLRWT and confirm that the normal imprinting pattern of 11p15 (ROI, LOH, or LOI) is associated with an especially low risk of relapse in these untreated patients. We were not able to replicate WT1 mutations as an independent risk factor for relapse. 11 We confirm that the presence of nephrogenic rests, and histologic subtype are not associated with relapse, 5, 11 although LOH or LOI 11p15 was very uncommon in epithelial predominant WT, as also noted by Gadd. 18 We further confirm that 1p and 16q copy number loss is uncommon in VLRWT. We establish that copy gain of 1q is likewise uncommon in VLRWT. There was no association of these biomarkers with relapse but these results may be because of insufficient statistical power. Lastly, we confirm that the risk for development of metachronous WT is very low in patients with VLRWT who lack evidence of an underlying syndrome.
Different clinical management approaches have been used for patients with VLRWT, all of which achieve outstanding OS. The strategy employed in the current study was observation only after nephrectomy and a protocol directed approach to relapse, which resulted in 4-year EFS of 89.7% and OS of 100%. The rationale for the observation-alone approach was to avoid toxicity associated with chemotherapy, including sinusoidal obstruction syndrome associated with dactinomycin in young infants 19, 20 and the complications of central venous catheters, 21 especially in very young children with respect to risk for thrombosis and infection. A second approach is to administer vincristine/dactinomycin to patients with VLRWT, as is done for other patients with stage I FHWT. Data from NWTS-5 demonstrated that when patients with VLRWT were treated with vincristine/dactinomycin, the 5-year EFS and OS were 97% and 99%, respectively. 6 A third approach is to give 10 weeks of vincristine alone, as published by the United Kingdom Children's Cancer Group. 22 This latter strategy resulted in a 93% (95 % CI, 87-96) 4-year EFS for stage I FHWT children less than 2 year of age. It does in fact very closely approximates the same 4-year EFS risk as the observation alone strategy we report (90%). The EFS for children between 2 and 4 years of age on the UK study was 87% (95 % CI, 76-93%) and those over 4 years 71% (95 % CI, 58-81%). A decision analysis to compare these three approaches showed equipoise in terms of OS. 23 Whereas, the EFS improved by increasing the number of chemotherapy agents used after nephrectomy, toxicity also increased. Our current study confirmed prospectively that observation alone with chemotherapy and radiation postrelapse achieves an excellent OS.
Careful discussion with families about the risks and benefits of each of these strategies to achieve an excellent OS is merited. The observation only strategy avoids complications of a central line and chemotherapy but exposes approximately 10% of patients to the late effects of anthracyclines (albeit a relatively low dose) and radiation [24] [25] [26] (as if they had originally presented with stage III or IV disease), that they may not have received had they been delivered standard vincristine/dactinomycin therapy or the vincristine alone strategy. The prospect of an increased risk of relapse and intensity of treatment prompted some clinicians and parents to avoid enrollment on this study. 27 Attempts to expand an observation only strategy to a larger cohort of patients will need to take into account the impact of this concern in estimating accrual.
The above concerns may be alleviated by an ability to predict which infants with VLRWT have a greater risk of relapse. We first described 11 and now verify the association between 11p15 LOH and LOI and relapse. These genetic and epigenetic alterations can be identified using a methylation-sensitive PCR assay with rapid turnaround time. 11p15 LOH or LOI identified a group of patients with a 20% to 25% risk of recurrence, as opposed to a 3% risk of recurrence in patients who had neither LOH nor LOI. These results suggest that a reasonable strategy would be to administer adjuvant chemotherapy to patients with VLRWT if they have 11p15 LOH or LOI. The trade-off is that even in this 11p15 LOH/LOI group, the majority would not have relapsed with the observation only strategy and thus are ''overtreated'' with chemotherapy. On the other hand, the OS is excellent even in the presence of LOH and LOI and the argument could therefore be made for continuing to follow all patients with VLRWT with observation only, in particular if the safety of reducing salvage intensity were to be studied. Either way, an observation approach for those without LOH or LOI yields a very low risk of relapse.
It is of interest that abnormal 11p15 methylation is present at the same frequency regardless of age in the tumors of patients with WT. However, the presence of abnormally methylated 11p15 was not associated with relapse in patients who receive adjuvant chemotherapy. This may be because of the fact that abnormal methylation of loci at 11p15 reflects multiple underlying pathogenetic abnormalities assumed to be unrelated, including gain of IGF2 and loss of WT1, as previously discussed. 11 It is of further interest that the known predictors of outcome overall in patients with FHWT (1p, 16q loss, and 1q gain) are infrequent in patients less than 24 months of age. This suggests the possibility that many VLRWT may arise because of mechanisms that are not currently recognized. This is supported by the presence of the unique category of epithelial predominant WT in young infants who lack many of the histologic features commonly associated WT (including nephrogenic rests). Our ability to identify a group of tumors that lack 11p15 methylation abnormalities may therefore be best characterized as removing ''typical'' WT, leaving a group that overall has a better outcome. It is important to remember that this residual group remains heterogeneous, and some will continue to relapse.
Future directions should consider expanding the observation only strategy to a larger group of patients by eliminating tumornephrectomy weight limits and expanding the age range. Perlman et al 11 have previously reviewed the rationale for restricting expansion to age 4 years based on United Kingdom Children's Cancer Group data. Adherence to the current strategy of excluding patients with known predisposition syndromes would seem essential, especially in reducing the risk of metachronous relapse and the consequent devastating late impact of renal insufficiency or failure. Similarly, multiple studies have shown the negative prognostic significance of positive lymph nodes in WT 28 and clinicians should continue to insist on adequate lymph node sampling as a predicate to observation alone. On the other hand, expansion of the age and weight criteria will likely result in some patients not having a central line inserted at nephrectomy and thus require a second anesthetic if found not to meet very low criteria allowing observation alone. The balance of these risks and benefits, and the use of our LOH or LOI 11p15 observations may assist clinicians and parents in their decision making. The COG renal tumors committee is currently considering these issues in designing the upcoming therapeutic trials. Given the excellent OS and the risk of late effects of salvage, consideration is also being given to reducing the recommended intensity of salvage therapy for those who do relapse in an effort to reduce late toxicity. We conclude that observation only for very low-risk FH WT is an effective and safe strategy and confirm that 11p15 ROI is associated with a low risk of relapse. The risk of metachronous relapse appears very low. Incorporation of these findings into future COG trials is underway.
